of Rickwood et al. (1977) l gave excellent separation of ADPribosylated proteins from DNA and RNA. The material was precipitated by addition of trichloroacetic acid to a final concentration of 25% (w/v), left on ice for 4 h, then washed and centrifuged three times at 38000g for 15min. The resulting material was digested with the following: ( a ) snake-venom phosphodiesterase, EC 3.1.4.1; (b) snake venom phosphodiesterase plus alkaline phosphatase, EC 3.1.3.1; (c) spleen phosphodiesterase, EC 3.1.4.18; (d) 1978). Increase in radioactivity in the supernatant of a IOmin, 10OOOg centrifugation in 66% (v/v) ethanol/50m~-sodium acetate, pH5.0, gave an indication of the amount of acid-insoluble material digested. Results of this preliminary characterization showed that 92% was solubilized with snake-venom phosphodiesterase, 17% with spleen phosphodiesterase, 14% with ribonuclease, 0% with deoxyribonuclease, 68% with Pronase, 87% with base, and 2 1% with hydroxylamine. This digested material was then subjected to a number of t.1.c. systems. Unambiguous determination of poly(ADP4bose) was made by digestion with snake-venom phosphodiesterase, which gives rise to phosphoribosyl-AMP, a unique marker for poly(ADP-ribose), which was identified by t.1.c. on polyethyleneimine-cellulose (K. Randerath & E. Randerath, 1965) . Phosphoribosyl-AMP was further characterized by digestion with alkaline phosphatase to give ribosyladenosine and identified by t.1.c. (Miwa et al., 1979). The above two studies gave an average chain length of polymer attached to protein of 1.2 ADP-ribose units. The linkage between poly(ADP-ribose) and protein has been reported to be sensitive to both base and hydroxylamine (Nishizuka et al., 1969). T.1.c. analysis of the transient products of these chemical digests showed that ADP-ribose was indeed produced.
Digestion of gradient material overnight with 0.2 M-NaOH will produce 5'-AMP from monomer, 3'-AMP from RNA, but will not digest polymer. The results of two different t.1.c. systems (Schwartz & Drach, 1975; E. Randerath & K. Randerath, 1965) indicated that, in fact, 15% of material was present as 3'-AMP, 55% as 5'-AMP and 20% remained on the origin as polymer. Further digestion of the base-treated material with 3'-nucleotidase (EC 3.1.3.6) and 5'-nucleotidase (EC 3.1.3.9, followed by determination of percentage decrease in AMP and increase in adenosine on t.1.c. gave similar values, which corresponded well with those of the enzymic digests with respect to both amount of RNA and the polymer/monomer ratio.
The possibility of DNA contamination was eliminated by an exhaustive digest with snake-venom phosphodiesterase, deoxyribonuclease I and alkaline phosphatase, followed by a borate t.1.c. system capable of distinguishing adenosine from deoxyadenosine (K. Randerath & E. Randerath, 1965) . This analysis showed the complete absence of deoxyadenosine and therefore of DNA. It was then possible to carry out further analysis of the properties of the system in uivo. It has been well established that a number of inhibitors exist capable of inhibiting poly(ADPribose) polymerase in uitro, including thymidine (Preiss et al., 1971) . Thus cells were taken 6 h before labelling and incubated with 5 mwthymidine, 2 m~-3-aminobenzamide or 2 mM-3-methoxybenzamide, the latter two being inhibitors that have been developed in this laboratory and found to produce an even higher percentage inhibition than others previously described (M. R. Purnell & W. J. D. Whish, unpublished work). However, with these inhibitors only 10% inhibition of the ADP-ribosylation of protein was found. Chain-length studies revealed that although the radioactivities in AMP were the same, there was no detectable phosphoribosyl-AMP. This provides the interesting possibility that the inhibitors work at the polymerization step but not at the initiation step. It is therefore possible that more than one enzyme exists, one for initiation and one for polymerization. It thus appears that the analysis of ADP-ribosylation in uivo can provide much insight into understanding the role of this complex system. Poly(ADP4bose) synthetase is a nuclear enzyme responsible for the covalent modification of proteins by ADP-ribose or an oligomer thereof. NAD is cleaved at the nicotinamide-ribose bond and the ADP-ribose is attached to either a protein or a protein-bound (ADP-ribose), chain, where n = 1-30. The biological function of this enzyme remains unknown. It has been postulated that the enzyme may be involved in DNA synthesis, transcription or repair (Hilz & Stone, 1976) . During a recent study involving the screening of benzamide molecules as potentially specific inhibitors of the enzyme, it was found that Vol. 8 acetophenone and 3-aminoacetophenone were inhibitory (M. R. Purnell & W. J. D. Whish, unpublished work). Nicotinamide is known to inhibit the enzyme, and the binding site is highly specific (Priess et al., 1971 ). The effect of several phenones on the enzyme was examined to see whether the same specificity was required for inhibition by analogues of acetophenone.
Poly(ADP-ribose) synthetase was extracted from porcine thymus nuclei, isolated as described by Khan & Shall (1976), with 0.5 M-NaCl/lOOrnM-triethanolamine/HCl (pH 8.2)/10m~-MgC1,/2.5 mM-dithiothreitol. The enzyme activity was determined by the incorporation of [3H]NAD+ into acid-insoluble material. The reaction mixture contained 100mM-triethanolamine/HCl, pH 8.2, 10 mM-MgCI,, 2.5 mM-dithiothreitol, 5 0 ,~~-f3HINAD (sp. radioactivity 2mCi/mmol) in 180~11. The reaction was started by the addition of 2 0 3 of 0.5 M-NaCI extract. 
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After 5 min at 26°C the radioactive acid-insoluble material was determined by addition of 2 0 4 of the reaction mixture to a trichloroacetic acid-impregnated filter disc. The disc was left in 20% (w/v) trichloroacetic acid for 30min at OOC. After being washed three times in 5% (w/v) trichloroacetic acid for Smin, the disc was washed briefly in ethanol and then diethyl ether. After the disc was dried at room temperature, the radioactivity was determined by liquid scintillation counting in 0.5% (w/v) PPO (2,s-diphenyloxazole) in toluene. Table 1 shows the effect of various compounds at 5 O p~ (equimolar with substrate) on enzyme activity. Acetophenone inhibits the enzyme 36%. Substitution of the aromatic nucleus at the 3-position increases the potency of inhibition to a slight exthe 3lmethoxy derivative is the most inhibitory (M. R. Purnell & W. J. D. Whish, unpublished work). Alteration of the acetyl group as in the case of propiophenone and trifluoroacetophenone results in complete loss of inhibition.
In view of the proposed role of poly(ADP-ribose) in the repair of DNA and especially the enhancement of the cytotoxic effect of DNA-damaging agents by inhibitors of poly(ADP-ribose) synthetase (Shall et al., 1977) , the effects of two radiosensitizers on enzyme activity were examined. 4-Nitroacetophenone had no effect on the enzyme. Menadione or Synkay (2-methylnaphthoquinone), however, inhibited the enzyme 24% at 5 0~~. The radiosensitization exhibited by both compounds has been ascribed to their electron-affinic properties (Adams & Cooke, 1969) . In the case of menadione, the radiosensitization may be due, in part, to inhibition of poly(ADP4bose) synthetase and a concommitant deficiency in DNA repair.
From this observation, and the data of Shall et al. (1977) , it would appear that poly(ADP-ribose) synthetase may be a useful target molecule for enhancing the cytotoxic effects of ionizing radiation and other DNA-damaging agents.
We thank the Science Research Council and Miles Laboratories (Stoke Poges, Slough, Berks., U.K.) for their support throughout this work. Procedures have been developed for the mass-spectrometric sequencing of peptides (Morris et al., 1974 (Morris et al., , 1976 Dell & Morris, 1977) and are now in regular use in this Laboratory. These methods have two basic advantages over classical procedures: firstly a considerable saving in time because of the capability of studying mixtures of peptides, and secondly a capacity to assign blocked sequences (natural N-acetyl or cyclized Glx) or new/unusual amino acids. The time saving associated with not having to purify each peptide amounts to approximately one-half of the time normally taken to sequence a protein. However, a new rate-limiting step arises in the mass-spectrometric method, and if this could be removed or reduced then it would revolutionize the sequencing process, allowing the generation of a 25000-dalton sequence in some 2-3 man months. We here report a step towards this goal in the development of a semiautomated interactive sequencing procedure.
In order to cut the time taken to count and interpret the large number of spectra of peptide mixtures generated when a protein or large peptide is being sequenced, computer programs have been written to assist in the interpretation. The computer method follows a strategy similar to that employed by the spectroscopist. The path taken by the programs with any particular set of spectra is directed by the operator, who is given a number of possibilities from which to choose at each point in the sequencing process. The programs sequence low-resolution mass data starting from the N-termini and N-C cleavage ions, and proceeding towards the C-terminus of each peptide. In choosing the next sequence ions, due consideration is given to losses of side chains from serine, methionine and threonine, loss of C O from residues after N-C cleavage ions, pyrrolid-2-one-5-carboxylic acid from glutamate or glutamine and other indicators of specific amino acids, e.g. m/e 17 1 for lysine. A number of scans can be analysed together, in order to compare spectra run at different source temperatures, to facilitate the examination of peptide mixtures. Reaction-condition parameters can be selected for the interpretation of the spectra of sample derivatives produced by any combination of acetylation, deuteroacetylation, permethylation and perdeuteromethylation.
There are two separate programs. In the pre-processing program scans previously stored on disc by the data-aquisition software are selected and their data converted into a format more readily usable for sequencing. In the sequencing program the user chooses up to four pre-processed scans before going on to select from the list of options available to direct the actual sequencing. These options can be run or repeated in any order and enable the spectroscopist to build a table of peptide sequences found; sequence ions can be added to or deleted from this table.
The options available are:
(1) Display graphically the region of the spectrum containing the N-terminal and N-C cleavage ions for the current main scan, with a subsidiary scan superimposed in bar form on this scan. Present the user with possible N-termini from the current main scan for incorporation into the table.
